Climat et agriculture en Afrique de l'Ouest : Quantification de l'impact du changement climatique sur les rendements et évaluation de l'utilité des prévisions saisonnières by Roudier, Philippe
Climat et agriculture en Afrique de l’Ouest :
Quantification de l’impact du changement climatique sur
les rendements et e´valuation de l’utilite´ des pre´visions
saisonnie`res
Philippe Roudier
To cite this version:
Philippe Roudier. Climat et agriculture en Afrique de l’Ouest : Quantification de l’impact du
changement climatique sur les rendements et e´valuation de l’utilite´ des pre´visions saisonnie`res.
Milieux et Changements globaux. Ecole des Hautes Etudes en Sciences Sociales (EHESS), 2012.
Franc¸ais. <NNT : 2012EHESnnnn>. <tel-00874724>
HAL Id: tel-00874724
https://tel.archives-ouvertes.fr/tel-00874724
Submitted on 18 Oct 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.

	ABBACDCD	
	A
BCDCEFFFDCDDFEFD	F	FCFD	FF

BBE	B
CC	FD	CDFFC	FFBCFF	FB	FFDFDFCF

FD	FF	C	FDFFEFD	FEA
FE

E
FD	F D	FD	CDF!F"F"FBDCDDFEFD	F	FFCFEFD	# !B$%&'!(!)
BB)B()*C+F") !*)'	C,DF
F	A
-C	CF.DC"FF	E	AB/EFD		CDF	*C"F(EF#-.B*($
&'!(!)&') !)'((

	ABCCADEFACC
CDFBDBCBD	DBCCAADD
CDCADDDA


0C1DEF !C	F
2FD,CD	DF !C	F
3FD)"FCF B/ED	F
.EDF(4F B/ED	F
!CDC B/ED	F
"F5CD F	FF	"6F
2FD7ED	D C)F	FF	"6F
 



8

E
 F		F	"6F"F"F9	F FF	CDE	:	FFD*1FF .F	DD
CD	F/	F F CDF EC"F DF	D	 DF EFD		CD F FDFEFD	 CF
1	;(C"F"CD9	FDDFEF	FEF"DFEFD	E	FF	
1	DCD%9FFDFFF	FCDDFD	DFF	E	CDFE	
E	1	FFDFEFD	CFFC)CD%1DFCFF		C	F
F	F CDF F E	FF F	F; -FEDFC	CDF FDFEFD	 1	 F
	FDF)<%F	F		FFF	C	F	4FFEC6FCDCEFFEC4; FEF
FDFFF 	FFD	  F D 1	% 1C 	C E	F	  F
11FDFFD	F	FFD	=	FEC	D	F;(CCDCDFEFD	"	CD	
F		9"FFFC)CD;
 (CDC 1CDCDDDF/6EF	FEFCD			CDCFDF	F
E	 CDF 	D	 F CDDF CFF  8> 		CDE	CCCF FD *1F F
.F	;CF%DC1DCD8>DCF1CDDDCEFFF#F)<
9?<$F	F	F	FE	F#F?@9?A@$F	DCECDFFDFEFD	C	C	
CD		FFEF		CFC"C;-F		ECD	FD	FD	F	FDFC	CDD	F
FDFEFD	EC4FDDFEFD	F9EFD		CDF	FE	FFFF	FFEFD	
		DFCF;.DDC	FFEFD	D E	D	1C F	94FC	F	
CD	D	 F C F 	 FDF 9  "C	CCF; BD1D% C DF E=EF DCEF F
	FE	F%CDCD6FCEEFCF FDDFF% C	C
DF1C	FFFFDFEFD	F	EC	D	FDFFC)CD;
 -FCD			CD1C	F	D	FDDFFFF#F	CDFFDFEFD	$F	
 F E	 1	 DF	D DC CFD	 CD 9 	F D	=	 C F 4D "FD F
CD E	F CDD6F  CDDFD	 D	 F 	 F  CD F F DF
D1CE	CD	CFECE	F#	B	F%DCEC"EF$;F		FCD
FEF	 D F EDEF E	 F  CE	F F	 F	 C	F 9 DF		F 
"DFEFD	 E	F; (C CD F F 1	  F DF 	FF D1CE	CD C F
		F F E DFD FD 	D	 D EC6F CDCEF FFD	D	 F 		F F
FD	 CD #"C/ 	/% FCD  F;;;$; -F 		ECD	FD	 D E	  F
FFDCFEFD	C	1%E=EFFDDDF6"FF	FDFCDDFCDC"FF
F/	D	;*D%F		FCD E1	FCDDFDFEFD		CDFFDF?A;C< FD
DDF;FDF	 6FEFD	FFDFCD1	F #?<$F			FD	?8E<CD
1CD	 F D1CE	CD EFD	F  F 	 F	  1D F  CDA F D1CE	CD
FEF		FD	FDF11F		FFDCFF		F	F
 BD1D%1D	FFCD	F	CD	"CF	FDFDDCCCD
DF	FF		1FD	9	FFF	FC/F"DFEFD	F
		F	FFD	CD9FCDE	F#CDD6FF	F$%DFF
DFDFD FCD  F FDFEFD	; -E	  F FDFEFD	F	 F
FDF/F	F	ECD	FFFCDCD	F	FDF11F	DDA<F%EF	
C	1D8<;F		FDFD	FFDD	FF	;

 !"#$A *1F F .F	% 	F% E	% CD CDD6F% E	% FDFEFD	
CF;










E


	%!#!
  D	"	"F%FF1	E	F	FEDD	D1	FE	F"DFD0F	*1;+"
F	CFFFC1	"F	FFD	"FE	C11	FE	F"DFCD	
4FD	"FF%DCF	CFC	F	;+"FEFDFC1F	F"DFC14F)
<%"FDF	"FFFDF1C1	F	F	CF1DFFDFC1E	FDC%D	C1C
CD	"F11FFDFECD	DF	FFFD	"F(C	"FDDC	"FD	C10F	*1;
 2FCD	"FFCDCD%FFDF/	D	FD	CF	F	"FE	C11	FE	F"DF
CD0F	*1D4FDDF	FCGC1	"	41FEF	FCCC		CDCD4"	C
	 #CA:CC$; +C C C% 	  DFF4 1C  	C F1DF 	"	4 1F E	 FDC FCD
D1D	FEF	FDCEFD	CCE	F4F1C	"FFCD		FEF	DC"E
	; !F	 FF  DF	F FC	CD C1 FF 4F%ED4 FD 4 	FEF	F F;
!D1DCEFDCD4CEFD	F#C	FDCE4$C	F#DF	F$	"DF	F4F
"DF;0FC1D	"	C	FD	 E	FECFFE	1C	F	"CD	D	4F
FD	";
 HFD	"FFFC 1DDC	""4F)	C)4F	4C1 D1 #	"FD	D
	4C14F$DFD	"FDF	D 1	FE	F%FFF F	C	4DF/	F"	 D	FF	
	"F1EFFC"FD"DE	D1CE	CD"FCD1CF	;
 +"FF1CF	DFF	CEDEIF	"FE	C1D1	4DFC		C
E	F"DF;0FCE	F	"FFC1"1CF	1CEF	CFFD(F%DEF
FCDCE ECF F"" FFFD	 1EF 		FF #CD 	F% G FCD$; !F	
FFC	FE	C1"1CF	CDFFDCEF%FFD1C44FDF	"1CF	
4 CF 	C  F CDF; +" EF1F	 1CF	 F 	C  ?A;C< DFF D DCEF CD 	"F
F"CFFC #F"	FFD4F$;+" DFF  "	4ECF EC	D	 CDFD 1CF	F	"
F1F	4#?<$DF"F?8E<1C	"F D1CE	CD"	"FCDF	D	"FC11F	C1
	"FD4FCDFFD;
 ,D4% FF FFC 		C4 FCG"C D FDF #$ 	C 	4 FF4 "CF 1EF
"DF	"FCD		FFF	"FCDDF1CF	D#$	CD	14	"FE	
C1 " 1CF	 CD 4F; +" E	  FF 4 D F/F	 D FF 	"	 1CF	 "F
ED4DCE	CD4F#A<$;CFFF%	C	FD8<C1F;
&'A0F	*1%	F%E	F%FCD1CF	%E	%C4F;


>

ABD
 6 F	D D 4DF% F FEFFEFD	 FFD	  	F   F DF
	"6F #!; 2CCED% CEED	CD FCDDFF$; 2FD F 7F DF 	CDDF CEFD	  F
CD	FF%7FEFE1FFF	DFDFF1F/CDFECDC6FFF	7FCD
FDFDCD	C		FCFFFEFFEFD	9F		F"FFF)CF;
 (	FFEFD	%EFFEFFEFFEFD	CD	93FD)"FCF	DFF
F FCDDF F 7 CD		F C DF 	"6F 9 EC CD F	 9 C 	ECD
C1%E=EFEFFD	FD	=	D	FD	F/	FEFD	F/ !B;F	FFD
 !BF	F1DDFEFD	F!%F7FFEFFFEFD	%ECD	FEF	FD
FCD	CDC	EF;3FC	FFEFFEFF/FDD	%"FF	2FD7ED%
ECD	 FEFD	 FD  	C	  CD F F 	C D F	 ECD	 CDD FEC4FD F
EFDF9FDCDDCEFFC7F	;3FFFEFF	6FEFD	CC#FF$
DFDFECDJF11F	EJE FFDC4FDAEFD	CD;3F16FDF
CE	F FDCEFFCEFD	;;;+D	FDCCEEFDF/CD	F9FDF
F		F 	"6F% 7FC FEFFFEFD	"	D2CDF	2F	D'KFECD	
% DDFEDFF*!!*)F		FFC	F1DF;3FFDFFEFD	9
D FDFEFD	 D 	C	 	F 	4F% E  F	 B CEFD EC	D	 1C% FDFEFD	
ED		1A EF 9 BCDCF% DF F	 	"FDF% FD	F 	F% C EC F/ / 1C
CEEFD	FEF1CEFBEF	CDC	;;;
 'FFDFFCFD	DDF/6EF	FE	C	FFFCDDFECD	FE%
FD*1FF	FD,DFFEFDF9FDF	A**"DFF	F4C+CCF	
9*"4EF	FEFF	FF(F%	G*DCEFEFEF		F
FDFF	FFD%	C	CEEF*EFCE%F	F"DFDCDCEFF !*%
F"F"FF*(*'%DC	F		F'ECLF	FDF	FFCGC	CF	
21;3FCFEFFFDCEF/DCD4EFCF	FD	FCDDFDC
FFD	69F	C	FF	F;'D	FDD	%CF7FDF#CCFECD
7FDF;;;$%!CED'	F% 3C"DD!EC"F	%.F		%*F/2F% -DDF2		CD	
FCE	FDFECD	DFEFD	;3FEFD	FMF	F"DFCD	F
F DCEFF FCDDF%   !B F	 F F 7F FEFF #F		F 1F/CD FCDDFF%
1DFEFD	% F  C6EF F FEFFEFD	 F	 F 	CF F 4DCD4EF F JFEFFJ$A
,DG%BF		%'		"F%	F%	"DF%DF%B%!FD%;;;
 BD1D%7F	FD9FEFFFEFEFFECD74CFCEEFD	FF	
F	C=	FFD%1CFCD%9EFD		CDCF;

 (CFDFDCDED	FDD	9FF	FIFF	F	FEFD	E9
EDF #	FF% FD NO$ FD	CD	; B	D	 CDD F F CDFDF D CD DCEF F
FCDDF% 7F  1F F CF%  F	D DF CD	  D F CD CF%  CCD	
EFFDFE	CD#7FCEDCFDF%9B	ECDF"FF$;
) !BCF	FEAEF%+"F4%FD#C%7F1F/6FEF		F+"F4F	FD9	F$%
PFD	D #F ECDF "FF 	$% CC% % 	F)/)	C)CECD% "	C"F; -F
F	F		FD	1FEFFMDF1	FCFCDDF#D FCD 7C$;;;CDCEFDF F
7CFEDD	DCDF	F"DF;
) !B C 	FEA DFEFD	 +"CE F	 CD F F/% +"F4 F	 ,DMC% C	F 6
6FFF;	F7"	FFFF7F	CE	F%F	EFD	C;
) !B1	FEAFEFFEFD	9F/CFD	FCCDDFEFD	#EF%
B%"F$;B	9	CFC	FFF1%FEFD	F/D	9F%9"FF
CQD"	EDF#!FDO$;


A

) !BFA?R	FEA*D	CDF?4	"F?,DMC?+"F4?	F;3FCFF	C	F
EF F/F 9 *D	CDF F	 9 +"F4 C C "D	 F	 11 FDD	 8 D #FD 	D	%
D	FFEFD	;;;$
) !BH-*!B(	FEA2CCED#1"F'"F,D%"F"FICC;;;$%-6FF	
2		F;CFCF	F")R";
 2CD C 7F DF   CEEFD	 1F E F	D DF FD	FD	 D DF 	CF
#'FFE%*F%3F%*FD%2FG%-F%PDI%HS	D;;;$;2CD7FCC	CFJ7F)
C)EF)FD)E)7F))D)FF)	CF)C)EF		F !B	FEJ;
 BD1D1	FEFFFFDDCD	FD9CFF !BD F-.B*(%DE=EFF
(!%DFFD	1CE=EFFF7F1EFD	#JEFD1	D	1DF	"6F%
	1CF	F7CDFTJ$EECD	FEFCCFF	FDF	"6FF	
ECD	9F	FD 1EFFCDDFEDFFDD		CD;BD	=	FF 	F 
1EFCD	 7F 1 F+D4DC	CFFDD	D	FE#F	DFD	1F%FDO$F	 FD)
FD	E	FDFF		FDF;3FDCFFDNFF%FBDFFFD%FCDFD%FDF
FF	*CF;PC=	F"DF/% 7FC 1CF9 FECD D	CF	 CDCDF
F		F	"6F;2FCFFDEFFD	=	F9C	FF;;;
 3F C C"	F ED	FDD	 DF CDDF F	F F F		F 	"6F;   C F	F DD F%
CFOCF/97EEDF/FEFF	9E=EF	D"=DFFD	FDF%7FC
FFDF	"6FDFF	9FDD GFDF;&DFFFF	FFO


R

 	A

  4CIFDFF%7"CFDCF1DMFDFF	F	FFC6EF
FC7ECDFFC6	FDFCDD	DCD*1FCDD	
F F CD	DFD	; &DF CD C	F  F7CD	 FD F	D CD	 F	 FD"	 FD FC
	FECD EDF F *1F% DC CE 	 "	CF 1EF; F C6EF CF
CDF	DFF	DFED6F  FFD	FDF	"FEDFEFD	EC%
FF	FEF	F%9CC	F"4CCFF	CDCEF	CF;
 3 F	F  F DF FF	CD  FD	1F F	 ECD CEDF F *1F
EFFD7EFCDCFC	F;

	$()	$(

	
	ABC			
	DE	E	FE	DCE	E	ECE	CEE		
		C	A	FCDA		
	BD	D	EBC		BCC		
	C		AE	BCC		
E	ABC	FD	E	C	D	BC	ECF		
BC		ECF	CB		E	E	AE	 CD		
!	ECF	D		E		
!	E	D	BC			
!		D	EF		
!EF	D	E	CCE		
	
	DEAB			
"E	DBC	B		DBE		E	B		
"	E	B	EBE		BDE	D	A 		
#	DBE	AC		$ E	BFE		
%	D	B		B	E	E	BE	D	AD		
	
BE	FAC	C	B&	A	 BCD		
'E	A &			BE		C		
#		E		
(CDDAC	E		A	DE	E		
)CE		C E		
#E	!	BC			BEE		
%	BEE	AAC	BEC AC		
"	DBC	E	E	BC					
!*A	E	D		 

C#CFCD%C>A$




C

BCD	A

AC                                                                 !
"A                                                                  #
$DACBD	DA                                                       %&
A%ADD'C(DDCC"EE)*          +%
*+%,!)---------------------------------------------------------------- ./
;CDDFCE	FF	E	CCCF9"FFF		CD UUUUUUUUUUUUUUUUUUUUUUUU8
;; CDDF !*1FF.F	#"	F8$UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;; CDDFFD	FCD*"4EF	F(F#"	FE$UUUUUUUUUUUUUUUUUUUUUUUU8
;;8 CDDFF*FDF(	CDFF'	CCCFDFFD#"	F>$UU>
;CDDFD	FCFE	F!FF"&D	#"	F8$AFF		FE	FUUUUUUUUUUUUUUU>
;8CDDFCFFFFDEF4D(F#"	F8F	E$UUUUUUUUUUUUUUUUUUUA
;ECDDFF/#"	FE$UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;>CDDF,*.FFDFEFD	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
.+ !)#!(------------------------------------------------------- .0
;C7F	CD1	F#"	F8$UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD
;; 'C6FE	F	CF	6EFC	F #*!E$UUUUUUUUUUUUUUUUUUD
;; 'C6FE	F	CF1	*!>UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUC
;CDCDD6F#"	F>$UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;8CDF#"	F>$UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
/+ !)1)(2	EE	"----------------------------------- /*
8;&DEC	F"DCCFAFC	CDFCFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
8;2D"4FADF4DEFFFCUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
8;82DCDADF4DEFFCEFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
8;EP		FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU88
8;>	FFFEF	FF)FEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU88
A+,DACACABD	DBCFCCAD
EFACCCABCAADD	AB                     &-
*+#!)3)4!1)4	$(4!------------------------- /5
.+!!1#!)	$(4!----------------------------------- /6
;BC	CDE	FFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8C
;; B	CD9FFCDDFE	CUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE
;; B	CDCD	FFC UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE
;BC	CDFC	CDCFFFF"DFEFD	E	F UUUUUUUUUUUUUEE
;; -FDFD	FE	F	FDFEFD	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUEE
;; BC	CDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE>
/+!$!)	$(4!----------------------------------------------- 75
8;+FE	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUER
8;FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUED




7+,!)!)!))!$!),8E9F+9!)9:+9
;)9F+9:19	+8.<**=+B#!$$!#!#)1)>!	$#)1#!
'!!#)!!!?@%),))!)1.**<5/"*<0/= -------- 76
E;'	FF	E	"CFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
E;; '	"CCCFDFF	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
E;; -E	)FFCDDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>8
E;;8 -E	)D4F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>A
E;!		UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>R
E;; 'C6FCDCEFED	FEC6FFEFUUUUUUUUUUUUUUUUUUUUUUUUUUU>D
E;; B11F	FE	F1CMF	1UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>D
E;;8 B11F	F"DFEFD	F	FE	FF	F		CDUUUUUUUUUUUUUUUUUUUUUUUUUU>C
E;;E 11FDFFD	FFICDFCDC)"FDDFF	DFDDF UUUUUUUUUUUUUUUUUUUUUUUA
E;;> 11FDFFD	FF	 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
E;;A B11F	1F	D	. UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
E;;R !		CDFDD	FFECD	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
A+E!#)#)#!---------------------------------------------- B/
>;FE	F	1	FD*1FF.F	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA8
>;FFDFEFD	CF1	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA8
A&$BCBFCCACAADDFFADAA	
DEFACCADBAB                           .!
*+D)!#!) ---------------------------------------------------------------- B6
.+C)!!1 -------------------------------------------------------- B6
;VCDFF		"CF UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUAC
;; VCDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUAC
;; P	"CFF	FDF		F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;DE	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;; 1D	CDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;; CECDFE	FF11FD	DF		UUUUUUUUUUUUUUUUUUUUUR8
/+E!!!#)-------------------------------------------------------- 5A
8;FD		CDF		UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR>
8;!FDFEFD	CFFDFEFD	E*!!*)UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUURA
8;; *"FFFCCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUURA
8;; 44UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUURD
8;8BC	CDFFDFEFD	1	FD*1FF.F	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUURC
8;8; BC	CDFDFEFD	EC4FD UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUURC
8;8; BC	CDCF11FD	F	CDFDFEFD	 UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD8
8;E11FDF	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD>
8;>11FDFFD	FF	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUDR
7+)#)----------------------------------------------------------------- 6<
A/0CD()DCAADDDACABCCA
C1	A                                                            #&
*+D)!#!) ---------------------------------------------------------------- 6A
.+ !!3)4!----------------------------------------------------- 65
;VCDFF	CDDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUCR




;FEDFF	FFCDCDD6FF	EC4FDF	CDUUUUUUUUUUUUUUUCC
;; "C/F	FEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;; "C/F	FFFEUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;;8 "C/DFF1F		CDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;8-F	C	4FFDCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;8; CDE1	F	FFEFFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;8; CD1	F	FFEFFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;8;8 CD1	FFD		FFEFF	D1CE	CD	FF	F	F1D
F"FDF; UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;8;E DCFCD	BFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;E!6FFCDF	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE
/+E!!!#)------------------------------------------------------- *<A
8;		CDFCD	BF UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
8;		F		CDFD1CD	CD	4FFCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
8;8!FFDFD1CD	CD	4FFCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUC
7+)#)---------------------------------------------------------------- ***
A-0CDAAABFBCAB(BCCAC(
ADDADDDABADC(	CD
ABAD	2                                                      %%&
*+D)!#!) --------------------------------------------------------------- **7
.+C)!!1 ------------------------------------------------------- **A
;	FF	CDDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
;; 	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
;; CDDF	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;'	"CCCFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUR
;; CFEFD	F	FF	F	FD	D	FUUUUUUUUUUUUUUUUUUUUUR
;; "C/FDDF UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
;;8 -FCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
;8-C	CDFCDF	CDF	FFD	F7F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
;8; (CEFDDFF	F	CDF	FFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>
;8; C	FF			CD UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
/+E!!!#)------------------------------------------------------- *.0
8;-F	D	F	F	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD
8;; F	CDFCFF	D	F	FF/C		CD UUUUUUUUUUUUUUUUUUUUUUUUUD
8;; C)"D	CDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUC
8;;8 +F"DF	FFEC4F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
8;-FCD1CDFFCDDDFF	F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8
8;8&		CDFCDFD	1FFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8E
8;8; !		FCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8E
8;8; !		F1FFF7F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU8E
8;8;8 2DFCDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE
8;E&		CDFCDFD	1FCDD6F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE8
8;E; !		FCDUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE8
8;E; !		F1FFF7F UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUE8
8;> E	FFDFEFD	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUER
8;>; (C		CDF	D	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUER




8;>; (C		CDF/F	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUEC
8;ACD	CFCDFD	1FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>8
8;A;  D	=	F	1CFCDCFF	FD	1FUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>8
8;A;  D	=	F	1CFCDCDD6FF	F UUUUUUUUUUUUUUUUUUUUUUUUU>8
8;A;8 -FE6	F		FFCDEC	D	CF	F UUUUUUUUUUU>E
7+)#)----------------------------------------------------------------- *A7
E;*C	FF	FFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>E
E;*EC	CD1	FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>>
E;; DFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>>
E;; CFEFD	F	C	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>A
"3D	DAAB                                            %-!
*+)!2)#D!!---------------------------------------------- *A5
;F	CDE	FFF9C	CDCFUUUUUUUUUUUUUUUUUUUUUUUUUUUU>R
;&D1	DF	DE"FD	DFDFFFFDFEFD	UUUUUUUUUUUUUUUUUUUUUUU>R
;8FFFFDFEFD	EC4FDEF	C"CF9"FF	FE	FUUUUUUUUU>D
;E&DE	11FD	FCDICDFF	F	CDFUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU>C
;>-FCDCDD6FFEF		FD	EFD	FFFFDF	FDFDUUUUUUUU>C
;A-FCDCDD6FF		C	FFD	DFD	F"DFEFD	F	F	F
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
.+F#!, --------------------------------------------------------------- *B*
;FC7F	CDFFDFEFD	1	UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
;F	CD&	CFCDCDD6FUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUA
;8F	FF		1F			CDFCDCDD6FUUUUUUUUUUUUUUUUUUUUUUUUA8
FADB                                                               %.-
E11040"                                                                %!#
*+	))D*##E	E!8E	E=!!E!8E=9)4> E ----------- *56
.+	))D.!F#!)8@ !#)E!=-------------------- *0<
/+	))D/,!5))#!,)#))D
1#!8GH*<GIG*<0<GIGJ0<G= ---------------------------------- *0*
8;21UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD
8;CGC	CUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD
7+	))D7(!))),!!KFL!------------------------- *0A
A+	))DA(!))),#12!----------------------- *05
B+	))DB!8,)$)M=)$!#)!!
4!!)!, ------------------------------------------------------ *06



8

 EFCDCFAF	A

 *FFECDF6FEFD		"6EFDFF		F	"6F%7"CFF
DDFEF	FECEEFD	7FCDMCF	F7C	9F	DCD	
F FDF CDFDD	 F FCFEFD	 F	 *1F; D	 F 	C DDF%  EF	 FD F11F	
 F 1MCD FD	F F FC F "F"F 1D	F #F C	 F
FEFD	/.(HF	/CDEFD	FD	CD/$%CD	DFE	"CFF	F	FEFD	
CEEDF%CD	FCD	FFCCD	9WFDFW*1F"FDDFF	BF
FCFEFD	;   EF 	 CD EC	D	% D	 	C	F "CF% F F E CD F
"CF;
!E	CDE	D		+F D	CF+	
	
 3FEFD	F		F	"6FDDCEFEFCDDD	F"11FF	D	F
1C 	 C ECD	F  		CD 7F 		C"F F *1F% DCEEF 
F	D  J	F D6FJ #FFDC F	 !4 #$$; E F DF F  CFD	 	 F	
DFD	 4	E	FEFD	 F 4 *1F E F  E 6F F  D6	F F
	CFD	 DC	EEFD	 F C	  D	F 2	%  DF F FCFEFD	 ED% F 	/ F
CDFCE	/F1CD	%FDCEFFEF		FD	P : *%FDCEFF
FCDDF D	 F ECD D C  7C;;;  1FEFD	% D F CEDF F
	F F	 F  	 EFD	F% F "11F F CDFD	FD	 DFEFD	  F 	/ F
ED		CD D1D	F% F 1F FDFEFD	 EC4FD CE / FDFEFD	 	F F	 F
DCEFFCF:FCDDF%FD	F	F;3FCDDFFFFFFDF#+F
F	,F$9		FFFEFD	D	1;FDFCD	FDF11F	F"11FCF/)E=EFCD	
FFEFD	D	FD	%FD	FD	DFF	DF	%EF11F	CFD	"FI
FF	FFFFDFCF;'=EFFECFFFDFF			FF	1	9CDFFD	)
ECD	FDF	FDFFDFCDECDFDDF		CD	6F) 
DFD F	F  ECD F F C1CD F	 F F/ F11F	 D/; +C	 C% D
D	=	CFDFF"11FFD)E=EF% D	FFD	CFD	DDFFF
F	C	FD	FFDFFF	F;F%F		C	%FD6FDFCDF	CD
D	F  FD	CF *1F% F	  1D	  EEF FEFD	 D F F	A 1C)
FEEF#CF#8$$;

F2! N4	$(%)) N)
(2:	=	FFDE#X$#CD#A$$ R E
+/ DDF F CDF   2
#CC:CCD$#<$#CD#A$$
;> 8;
+/F CDFF C; #CA:CC$
#<$#CD#A$$
;D ;R
FCDDF C	FF  P  FD R
#ECD$#.(& *#D$$
;> 88;
B%*D)#!#"#)(!)!4	$(%))!)



E

E1*, 4D)#,)!)) )).<<A 8!)!#!1
#)#F9))F1C!)A),)!=
,C	EBC	BEEAE	F C E 	

 F	1C)FEEFY	FDFEF FDF=	F FD	F79FDCA%!FD
ECD	 	 J-*1F (CF F	 E 	FJ #B	CD  F$; FFDD	% F	 CF DF
"F"F  9 ECD	F D 1	EF FCDF #F F/6EF 	"6EF D		F F JBF
C	FFDD	FFCFFEFD	J$E6FEFEFD	FF41D1CD	
1F C	F FD E	D	 FEC6F CF CFD	; F		F CDF	CD FECD	%  1Y	 D
	ECEFD	F F"CFF DFDDFF	D11FD	FF 1C)FEEF	F%
F1CDF	FEFD	F	F	FCD;.DFF	CFDC	EEFD	
D			FFD	1FF	F	DC	%CQCFD"DCE6DFC	1FD*1FF	
FFC	%EF	 	C	D FEDCQ *1FF	 1FEEFD	
CF/E=EFE/9CFF'	"#CD#A$$A1EDF%FFF	EF;
.D F	 E=EF C F ED1F		CD 	FF 	B	 C)1DF # F/FEF - (	
*1DF% F> 7DF$=	FCF E	FEFD	9DFFF1FDFD	FAD%
11"FF F CDF	FFD	FDF 	FF FF  "FFF%E=EF  CFEFD	 F
CD	DFD	  EC	D	F FCF FD F #PZZE	4	 	  #>$$; F		F CD FE	F
	FFE6DF F	D%E=EF 1D #B; -FCF% +FDFF% >E 8$% 9 DF C	F F
1	EF )9) F F CD	DFD	; C FF CD #F C"F% 	FF$% F
 
CF/FEFF0CFFCEFD	!FC	#;>$DFFD	FDF	FC	CDFFDFEFD	
1	FFE	FFF/"4C	"6F%CDFDFCEFD	CF;

"		A::FFF;		GFIC;CE:		F:'F:D	)1DF)	F)F)1DF;"	E
8
"		A::	FDFF;CE:	FDFFUDFF::8:>:FCD	F)F)C)F)1C)FEEF)F	)F)1C)
C	EEF):


>

*1DFFD	CDED9F	FDD		FF	"CDF;F	1C)FEEFF	
FD	DF% FD	F 	F% DF CDF	CD  FCFEFD	 9 	FDDF 	FD	F F  	 F
4(C%FCD	D%EFCDDF D	FD	CD%D"EC"FCCDEF;
(C	CDFF	1C)FEEFF1CDFFCDDFFCDF	7FCEEFFI1F
EDD	 F D			CD D	FD	CDF% F	D "F"F ) FD C	D	 	F
E	"CFF)CD	ECD	F		CDD				C"FFF;F/FEF%
D0FFDFFG		 #C$	CFD	FD*1FDDCEFFCFCDFFCDDF
 F F  F C	F  CD	CD F (	CD &DF C EFD		CD F	
	F#,*.%FDD$;FE=EF%DGCG4F	))'	D#$ECD	FD	FF	/F
CDF FD *1F CD	 FC  F F F  F	 CEEFD	 	 F	 F%  
	FDDFCFFCD	DF%FDCEF/41D		FDCD	F	DC7F	1EDF
CFFCFEFD	;
 *D%F	CEEFFF	FFEFD	CE%7FDFCDMCFEFD	EF	/
FD	  	F CEEF 1D		FDFCD	FD	FF	FE	F;'CD	DF	
FEFD	  C	F  CDDF DCFF  FCFEFD	 9 F FF DF F 
	CF  F/)E=EF; FFDD	% 1	F BEEAEA F	) 1CEFD	 4DCD4EF DB
BAEAT

,C	BBAEA	&F  -	

 F		F F	CD F	 EC	D	F  ECEFD	 CQ F		F FCDF ECDF% FEEFD	
CCF9FE6F%CEEFDF9EFF%DF11F	FDFFIF;CF	D
FDF11F	% *1F% 1C	FFDCEF/	C	CEEFEC"F% F FCFD	FFF	
CD C	FD	F CF F	 F 1MCD FF FD	F F CD	DFD	 "F  [[ F 6F; F		F
C	CEEFDFD9CDFFFF	FEFD"FIF	DDF	F>
F D F	D CDF F 	CDA;  F	DF F CD DF C 7	1F F
CFC	FD	FEFFEFD		C	91	F%FCF	1CFMCEEFF1F
F	 "  F DF F/	FF C FD1CF  CD1DF F DF	F F	 D
CD D F FDFE" F  D6	F #B; -FCF% +FDFF% >E \ */FF
LC% - F  FF% C	CF R$; F  F	 	C	% F		F CD F	 1C CF 9
F/679FFD	FF	F	C	FFC6EFF/	D	1FCD	DFD	F	
DEDFFC7F	1;F/FEF%*1FCFFDF11F	D1CEFC	FD	F
CF%FDFD1F1CEFD	FFFDC1	FDF1	%F	DC	FF
FFD	F"FEDF	F#F/FEFF"DFEFD	E	F$;F/)DFCD	
DECD	F%  1	 DDECD FD =	F CDFD	 F	 	F D FFEFD	 N 9 D F/6
C	EEF;
!.	C	BCCC	C	 E	D	D BAC	/)C	/011233	
	
 FF1	%F	DFD	FEFD	DDFCFBEEAE%DF	
DCDFEFD	BAE;DDFC"FEF9FFF2DF#8$%F	F	D
CECD4FJ	FD6FJEEF%EFDFD1FDCDF*1F
F	DFFEFD	/C	FD]FCCEDEC6FFFCFEFD	EF/
4CFD	/;FDCEF/	C	FD1CD	DJCD	DFD	FDFFFFCFEFD	J#2DF
#8$$F	FCFD	=	FED1FC	F	FF	F"C/F*1D%
 
E
LCDCDC%3+;%!CF%;B	CDDD	F*1FAC	EEF)F9F7;!FDC#FDDF$%D
>
"		A::FFF;F1F;CE:FCDCEF)C	F:F)D4FD)F)//FEF)FF)F	)F	F)1D)
;"	ET 	FE^8DT	F^AAA>
A
CF/FEF!	BCD>F	FEF%	4B	CD	%E
R
"		A::FFF;ECCF	CD;1:7CD:DF/;"TC	:::-<B<D<CC*1F))[[ F)<8<*DF)<8*)DF)
CDF	CD)F)	C	)!<8<*C<8<*CD<8<*CFFDF))ECDF)F	)FDDF)1DF


A

FEF		CD	FECD	FFC	F;F	9F/	FD	F"C	7F	CF1	F%
F F 1F DFFEFD	 FD F	CD F F F	F  ECDFA F	 9 F F 	F 
FCFEFD	FFD	D	FFD;F	CFF7FCDMCF	"E	F	FDF
F	FFF		F	"6FF	FECF	FC	CDFDCDCEEFDFFD	FFD
FD1D	 E CEEF F CC	CD% F C	 9 EF		F 9  C	CD F *1D  F
	FCD	CDFFEF1DFFFFF11	;
!F	BAA		D	D BAC	C	
	
 3FED	FFCE	FEFD	9DFF1%	F;F"C/EFY	
F	DFD	 9  D 	FEF; BD F11F	%  F 		 1D CD	 	FD D F DDF D F	 C 9
F F C	F F FCFEFD	 CF C% F   	 	 DC	EEFD	  DF
FFDF	FEFD	DFF	FFF"F"FFDCDCEF#2FD	FEF		
#E$$%CFDF	EFD	F	FEF_	DF	F6F%E
FF6FCEEFFFFDCFEEFD	FFD*1FFB	;BDDFD
F11F	%DCEF		1D%9FCD	CDD	FD	CDFFD	FCD	FE
"F	FFFDFEFD	FFE"D	FD	CD/	B	FFFCF%FCD	
	CFD11	CFC11FDFECDDF1	11D	F#FFDCF	!4#$$;
6 C% FCF 	F 1DF F	 FFFD DF C	 FD F 	 F [[ F 6F
CEEF F CDF  F/FEF FDFEFD	 F 		 1D  CEEF	 F'	C FD 8
W11F	F<FFF	D	CD/9W	FF	FCFEFD	FDDD#,	
	#C$$C	CD(CF	FD	CFFCFEFD	F*1F#(B*$
 CEF F JEC	CD F  F1CEDF CF F	 DF CD	CD F 
FCFEFD	 CDCEF CD	DFD	J #CD #$$;  F 	CD D	=	 F D
CDEFFFD	1CFDF%DFDF	FECDFFEFD	DF	CF
	FF	F C	CDDF C FD	FFC	CDFCFEFD	;
CD BF EC D  	CD F  F	 F	 F  CD  F 	F
EFCEEF"	FDFD	 	 #$F	  F	 F	 F	FD CDCEF
1DFF	CDD	F#FDCD8< 2F	R<FFEC$;

!FACBC	DE	CDACE	FBE.	C	B	D	D BAC	

 6 C%CEEFD	 	F1DFC	)FFFFCFT-DFFC	CD
E7FFCDFDD	FF	FF	CDFFC	CDCFFFCDF
EC"F;-C	CD1DFCY	FDF11F	9D4	"EFC	FDF	FC7F	CDCF
6F9FDCFD	CDCFEFD	#.D	CDF(	CD&DF#R$$C		FDF6
FF/EDFD>;-FFCDEFD	FFCD	D	9F/E	D
FD>%CF11F	CEDFCDFFC	CD%FEC1	CDF	"DFEFD	
F EF EFD	F #CCE #CCC$$; .D CEFD CD F FCD C 	F 1DF
EFD	FC	CDAFC	=	FDCFEFD	F1F	FC
DFEFD		CDFFDFEFD	;-FCDFC	CDY	FFDD		FD F
CD	F/	F	F;
 BDF11F	%FDFEF F% F F1F 	FCD	 CDDDFEFD		CD EC	D	F
D F1DCY	F C	CD% F FCEDFEFFED_F
E	F #2FDF	 	  #$$;  F 	FF 	F F/	FD	 FDCF FD DCEF EC	D	
#DC	EEFD	FD*1FFB	$%FFDFFCD	1CEFD		C	FCDFDF1	C
DCC	CD1DF%	D	CDDF"DCE6DFFD	FEFD	F	FFF
CF  C F B		 DCD)1D #C  F/FEF 2CDF #$ C F'$; *D%
JFD	F E F	 D%  F ;> ECD "F	F F 	FF CD	 `;;;a 	 C  F
CFDFEFD	 B	"CF%  H"D% '% 'CIEF%  CD% F  +DIDF F	 F
'J#FFDCF	!4#$$;F%F/	FDCDFF	FF	FFD	DFDF
FCD EC	D	F  FDCDDFEFD	 F DC	EEFD	 DF F F  CF	% DF


R

EFD		CD  FFEFD	% F	 DF F	F F 	CGF F CDF% E C 1CEF F .
C 4  1CF		CD; F F	 FEFD	 C D F11F	   1F		 F C D
F/	FDCDF	FFF	F=	F7"6F;
 BD F/6EF F%  4  DF EF F CFCD CDF C EFD		CD F
FDFEFD	 CF 1D; CEEF F F	 CFD	 CD% *1F D  CDD CEEF
*F F C	CD F	F% F	)9)F EFD		CD EC	D	F F FDFEFD	 CF 
		CDF	CDF	DF1C	FD	FD1	CD#C	FD%FC	"4	CD	F%
F E"DF$; F D1F)	) FFDD	 F F 1	 F *1F F 1CEFD	  DF
C	CD D	FDF F F 	4FT  F	D 4 CFD	 D F C% 	F F	EFD	 F 
*1FC	FDEFD	FF FDFEFD	% C	CDC	=	F JCFEFD	F	FJ #H11CD
#A$$% F	)9)F FF C	 F 1CDF DCD   DF 		CD EF F	 CDDF F
	CD#FFD	CDFC$F	D	D	"EF#FFC	CDF16F$
EF	F"DFC)CCF%FF	FFFFDCDDFEFD	;D	FD%
PDFV#$CDFFC	CDF	F1DFDFC	CFCDF	F
F F/FEFDF 	CDDF%EC	 F 1F DF C #JC)F1J$ FD
CD	 F	 FCD	 F 	F"DF F	 CDDDF F 	F C/ #JLDCFFF)
D	FDFJ$% DC	EEFD	F 		F 1CE	CD;FCD	F F CEEFDFD	F9
	CFD"CDFEF/FFF1CDD	FD	CD/;*D%0FD211F	
FDC	CFJ&DF!C	CDF	FDF1CD	CDDF	FEFD	C	F
	F 1DJ% FD D	 F F .DEF HD	FEFD	 'C1 F	 J	F
E	"CFCFF"	F 	F"DCCF	F /B		)&DDF CD	F	)=	F 1CEFD	
	F/F			FW*1F"FDDFJD;.DC	CD1DFEFD	F	DFF
EFD	FFFDFEFD	FD*1F%EFDE	D	EFEFD	FFCFEFD	CF
EFDDF4CFD	/F	EFFD	;
!F	C	E	B 		D	B	CBA&	BE-	

 -EFD		CD F FDFEFD	 CF DF	 FFDD	  DF 	]"F F  F/)
CD	 CE 9 F DCEF/ E6	F  FFD	   F 	CD; *D% CD #$
CDFFJ-F1	FFCFF	FD	FFDDFD	11FEEFD	FCDF4	6EF
F C	CDA F 	CCD F C	F% F / 1CF% E	CD F% F 1F
ECD	D	 F DF	FEFD	 % F 11	 F CEEF	CD F	 CCDDFEFD	%
F 	F"DCCF 		F C D	F% F 1	F E	F #F/;A "FFF$% CCF
#F	1	CD$%C/#		F1CD6FCD6F$CC	F#F/;AFFF	D	$
CD		D	EFD	`FD	FD	FDCE	FaJ;FFDD	%FC	FCD	DCEF/F	F
FDFEFD	 CD	 EFD	 FC  1FEFD	 F D F F	F  ECDF% 7F DF F/
CF9DF	D1	EF#FE=EFFCCDCEFF$	FD9CDFF
F FDFEFD	 CD	  F C D F DD	F FD6F DDF% F  DFFEFD	
CD	DFD F 1	% FDFFEF		 7E 9 *1FF  	 EFD	F;  
1	FDF11F	=	FCDFD	F 	F1DFC6FDDCEF EC	D		C	F
F	FCD	DFD	CD	FD	FF%CEEFEC	DFFF	D	FC	
D	F F	 CDCF	F F F C	 #FG F	 2 #$$;   CD  4D 1D
1	F 9 DDC	CD F	 FEFD	 CD	F%  			F FD	1F  FD F F
ECD  F 	FDECD	FD	 FD F CD	F; DF 	% F 	F CD	 CF	 9 F
DCFFCDDDFCEEF FCDE	CCCF# DE		 #$$%	F	
 DDCFD	F/)E=EFF	EF		FD	F/FEFFDFF	F"DFFF		CDF 
1F		CF	FCDF	CDFFCEEFF$52GD,C#3CF#$$;FDF	
 C F	 F F	F  F C	  CCD	 	ECDF F  FDF 6F
DDC	CDFFFDF%9 "FF CF  F CD	DFD	1D;BD1D% DFF	DFFDF
E	"FDDF C	 D  CDF EC"F D % F	D CDCE	F #F	 B	F
 
D
"		A::FFF;CCFDF;C:	F;"8TU	F^8>


D

2CF$ 	FDFD	 F EFD		CD F  FD	 F C	CD F	 D F EC	F
1CDEFD	/ F DDC	CD%  FCFEFD	 CF F	 CD F EFD		CD F
FDFEFD	;.DC	DFEFD	FJ	F1DFDF	CDEDFJ #FGF	2
#$$%EFFC	1F1F9F	D1;
 .D F	 CD F4F ECF  C		 CF FD *1F FD 7CD	  F
11FD	 FF	CD#$;	FEFD	%F	D	FD	F/FEF  1F		
FC#2	CDC		#CCD$$%E	F	CDF/#H		#$$%D	=	F
EFFDFF4	6EFDF #2F		 #C$$CFDCF F BFE	 #	D		
#>$$A F		F 	"6F F CDF 9 F FDF C6EF 1FEFD	 F	 C 	F
F%F	CEF/E	;

!	D	6E.	C	$BC	CC	B	 D	D	A		D	F	

 '=EF  F DF	 FEFD	 F D F 1	F D1FDMD	 F FDFEFD	%  	 
E	D	F1EFFF	F	FEFD	EC	D	FA'F	I		#$ECD	FD	
 F/FEFFD F 1CDD	 F	FF	CDDFD 	C	F *1FF .F	F%
FCDF	F%F1	FE	F7CFD	FD	F8F	><DF	CDFF	4F
FC	CDCF;CEF/FDF FC6EFFDCF% 7FED	FF 1FEFD	9 
		CDFD*1FF.F	%DICDF"FDDFF	CDC)"FDDF1DFDF	F
D FE=EF 	FE F 		CD 	C CD		F # F/FEF% *1FF B	 CDD	 F/
CDFFCD	FDFFFCDC	FICDF	FF	FC7F	CDE	F1	F4
CD	11FD	F$;-F"C/	FFBFE	FD*1FF.F	F	F	DFD	9D
		FA F	 	C	 C D F 1C4F F C	CDE7F  CD	DFD	CF	  ICDF F 	F
DF F F F	 	FF #>8<FD F1F% CDDF ,*.+*+$;F % F E	 FD
*1FF.F	CDDFF	CDDFD	CD	FFCDFDF
EC	D	F   	 EFD	F; -FEDEF4D	C		 9 F	CD E	F
CD			DFFD6FDDFF1MCDC1CDFFFCEEFD	FD	CD/
CEEF *''* #*D4F '	DF F  'CCD *1DF$ F	 CD	 CE EF/
CE% F  FEF	 F FCFEFD	 	F  E	  E	 D  C)CD;
FFDD	%  FD	F EFD		CD F F 	4F 	F  FEFD	 C	 DF C1CD
D1CE	CDF	1C11FFEF;

!C	C	A		F7	D		C EE 	DE	C	E	C	D DE.	D	E C	
	D	8E	D	E	
	
 *D%FFDFC	HCFB/F	 D	FCFDFEFD	BC	CDE	
# % CD CD4EF D$ FD	 F 1MCD F	DFD	F 9 4D	"	F F D1CE	CD% DF
CD	CFFF	F7F	ECFFFFE=EFC	DFF
F	DC	4CDF	DFICDF*1FFFFFDFEFD	CF
D	 79 )><FD;F"11FCFD	FF	FDDF	F% DFFFD	FDF
C	 E 	D	 	F% CEEF 7F FECD	F D F "	F ; F F	 CD CF D
C6EFFCF		FFF)><EFFDF/FFDFECFF%	D	
F	FFFFFFCFD	1		FF			FF#F	DF	CDCEF9
FF	FF$;CF		FCD%7F4DF"	FFF		F	"6FFFEF
DE/EE	FCDFDD	FE	CF	)1DF	CDFDFFFDFEFD	CF
1D F DF  1CDF EF CDCD  DF C F/ 	F E  DF F   F
CF;3F	FDFEFFCF	CD"DFEFD	E	FD
C)CD% FD EF		D	 D FD	 D F  CDCD  F FF	CD F C/; F		F
 
C
"		A::FFF;CF;C:CEFD	:C:%88E8%FDU8D88REU8DEADAU8DD8CDRUUUU%;"	E;

"		A::FFF;1C/DFF;CE:	F":::D:	")FD		)4)DF)CD)F	4: 



C

	"E	F F	 FI FD	F E DFD F	F  ECD 1CDEFD	F C FF 1C 
F"F"FFD	1FFCD	1F/FDCDFFDCD1CEFD	;DD
F/6EF 	FE% 7 	 F 1MCD C1CDF F 1	 C	FD	F F FDFEFD	 CF FD
*1F F .F	; F DF F EF  FFEFD	 9 CDDF F F 	CF D 
			FAFFEF	FEFD	FCEFDFF1	FD1FDFD	FFDFEFD	1	
F	F11FDFF		DF	F9	F;
 -FFFF	FE	FEF	FEFD	FCDFF	DFDF1	
CEFCEF/"FDF F DF		FCDFDD	 FF11F	"DFEFD	E	F
 	F; *D% D  CD	D	 F F 	% 7CF DF 	F E	  F
FDFEFD	CF #"	F8$%FDC	D	DFC"F 6FEFD	11FD	FF	FF 
			F%F	FDEFMD	DFCCDFEFD	FF	DCEEFD	F"	F;*1DF
DF  F	FDF FDFEF F CF% 7	F FD F11F	 D D DCEF F D
E	F1CDDFFEEFDCEFFFF	F	FE	F;C"DF
FD%7FD	1FFF11F	FFDFEFD	C"CF	EFDFEC4D	DEC6F
CDCEFFEFD	CDMCF	4FF	FFDEF	C%FDF		C7C
FF	/	DFF;C"F	F%7F	FD	C	11FD	F/
		FCD		F;(C	EEFD	%"DFF	C	F	CECDFDF9
"C	CCFA FE6	FD 7E	FD CE	FD F	FE	 E	
1	 F	 DDECD DF F 		F 1CDEFD	F F F CF	)1DF; -F
11FD	 		FD	F F	FFD	 DCDDFF	F  F 	4FF	
FFD		B	1FDF1	;
 -F"	FF	81CEFD	FDFFC	FDFCD			CDFBFD1	FE
	F% F E	%  F FDFEFD	 CF 1	 FD *1F F .F	; CD7CD	FEFD	%
FCD)DC	FEDFFEFD	FFFDFEFD	DC)CD1DF
CCDCDFC	CDCD	FF	FE	FF/	FDCDF	FF	F;3F4FCD
  	F F 	CF DEC4FD # F/FEF DF 	F"DF 	F C DF D1CE	CD$ 
FEF		FEFD	FFFDFEFD	;

!E	 EBCE	EEBCCE7	C	B	BA	
	
 F		F		FFC	FFF	FDF	DDCEFFCD	CD79DCDFAF	
1FFF DFDD CDF	FJC	CDCFEFD	F	FJ # FFDF C	
 DFEFD	 1CDF  D F E1 D	D	$% FF C	 J9CB:DFCCEJ #
FFF1CDFDC	EEFD	F		F1CE	CDDFC$F	FF		C7CD
D	=	DDCD	F/	FFE	"DFD	F	DF	D;-FFD	C		FF F
DFEFD	 F/	=EF #  #$$ 1D	 C  	 EFD	F FD *1F F .F	 /
		F	FECDFFF	FFD	C	FD	FFEFD	FF/C	CDF	D	
/;EF		F%CD	CFJ		CDF4	6EFF	FCFFEC4D	F
CDCDD6FJ;-F	FCFC	D	FF		CDFFEFD	F
FDF1CDD	 CF	CDF 		CDF	 F	CDFFC FEC9FD;
F FEF	 DC	EEFD	 FECF  DF F 1CD F	 F F  F11FEFD	 DF
F FDF; F		F 		F F	 CD FD)F"C F DC	F F"F"F FF DF FEF	 
EFD	FFFDFEFD	EFCDFCD	FFEFD	9DF		CDFF;
 BDFD"F%FE=EFCDCDD6FFFD	=	FFEC4FCFEF		F/
	F 	F F "C/ 9  	FDDF CE	F F  CD 9 FD; F 	FF
CD CD	11FFD*1FF .F	F CCD  FCEEF!B*. #!BCD
CDD6F FD *1F F .F	$ F	 F	D CEEF C	F #FE	"	 	  #R$$ CD	
ECD	DD	=	EC	D	C	EFD	FF	F;-		CDFCD
CDD6FFEFD 	4FEFD	DFDDF CF9CB:DFCCEFF
C	FD	FD1CE	CDCEEFD	F/	F;F/)CD	79F	DEC4FDF
CD%  DE	 	  #$CD	F/FEFECD	F F F/C	D		FD	F11F	FEFD	
D	F  F CD FD	1F; (C	CD F C EC%  DF 	   F CC




FEF F CDDDF CF  F CD 1CDF  FEC6F E	F%E
F4FFFFD"E	FFEFD	;F		FD		CDFF/	4FFCF	E
FDFFEEFD	#VFCFF	.FF#$$%FF		CEF		F;

"EA			DE	 EBCE	EEBCCE		;F	B	B		 	

 3FED	FFCDD F"	FE/CDCDD6FC F	F;.D
F	FCDF9F		F	"E	FF11FD	FED6F\7F"CCE		FD
DFEF	FEFC	FD	FFFF		FD1CE	CDCF		FFE(F%
DF 	F &	 C.	 F	)9)F  F D1CE	CD D	 FF 	 	 11F F	 	F
FFEFD	 C	 E;ECD	F 		 #C $ F F 	4F D1CE	CDF	 D CD	 1CDEFD	
#GE F	 DFD #R$$ C F F CEEF F CD CDD6F FD	
CD	DFF	C4	DFEFFF	CDFD	FFC	FCDE	CCCF
F	FFCDF	FF	FCF;F%D4FDCF%9ECDDDF%	F
D	1D	 F D1F F F 	4F D1CE	CD FD*1F F .F	 C F 	F 6F;
FF) CD	 FD F11F	 DF F E"DF  1F F F 	F F FD	F F	 CFD	
DFEFD	FECDD	D	%FFD	CDC	FD	FF9CDEDF;-F
"C/ DF 	F &	 C FEF	 DF 	 F EF  F F D1CE	CD  D D
DCEF DDF CD		F E FEFD	 F 	F	F  F	DFDF F DCF/ DF
E	F;3CFCDDF"	FEDEC6FCDCEF	"CF	FDD	CE	FF
FCDFF	F"FD1DFD	1FFDFCDCDD6F
FECE	FEFEFD	FDCF/DFCEEFF	FF	
F	F1DFCD;

<E	E	E	B	A&	BACD		C	EBC	DE	 EBCE		
	
 F 	4F	FF	 FFDD	 1CDDDCEF EC	D	"4C	"6F #F	 	C F
	F	FD	CD$F	DF	FD	CE	FFF	FCEC	FEFD	FD
DE=EF F% F  F	 FD	DF D  D F 		; *D%  F	 1CDEFD	 F
CE	F F 		 	"CF  DF 	F  	F  EF CD1CD	F 9  	 
	FD% F	 FEFD	 / CEEFD	F F 	F JFD F	J; &DF 	F &	 BE==F	
FFDD	 11F 9 F D F F F F		F 	"6F% DC	EEFD	 9 F F CD CN	F	 
	FEDFFCCF		C	F;CFFC6EFF	C	C	FE=EF
DF 	CD 1CDF  DF F/FDF FF% 7 C F 	FF 		1 D F/
FD#"	F>$;F	FFCD	C	%FDF1CDD	FCDFDF
CD C"F F FF FFEFD	 C	F  F FF E	CCCF D	CD/%
	F F "DFEFD	 F 	F 	F D	  F CD CDD6F F	 F
CDF#F/FEF%"DFEFD	FA	FEC4F%	FFFE%	/F		F
		CDFFD$;*1DCDFD4F1DFF	F	F% F	D	/
	FF FFD	 D F 9 D  F 	FE F F 	CD  E6DFFD	 
CFD	 F F F/ 	4F F CD;   CD	 1DFEFD	 EFD 9  1D F "F DDF
7CF9FFFDFEFD	"FFFAFFEF	F		FEFD	FDN
9 F CD; F 	FF CD	 CD% CEEF F "	F E% C 	 F D	1F E	 F
D	C	CDFCD E	F;'  CDDFD	  F	 	C	 C	F	F
FEFD	 F F 	F F F FCD% F F 	CD F CD F	 F F
CFEC4FDFCD;
 

F	F&	BE	FD	E	FCD6CDD	C	CD6F4D%FFDEFD	"F
DDFFFDFEFD	F	FCD	FF/C	D	CD	D1FCD	FCD
	 	AB		FDCFA	A	A	A
CFF	ADDA	AAC	AA
B	



Nous présentons dans ce chapitre, les jeux de données utilisés dans la thèse ainsi 
que le modèle SARRA-H: 
 
• Les données historiques (non simulées) renseignant une période passée. Ce sont (i) 
des données pluviométriques et météorologiques à l'échelle de la station, (ii) des 
données pluviométriques et météorologiques interpolées (Climate Resarch Unit 
(CRU)), (iii) des données renseignant les pratiques agricoles des agriculteurs, (iv) 
des données de prix (mil et fertilisants) et (v) des données de rendements (FAO). 
• Les données provenant de la modélisation climatique. Il s'agit (i) des projections 
pour le futur (modèles climatiques des 4e et 5e rapports de l'IPCC), (ii) des 
simulations utilisées pour les prévisions saisonnières provenant de l'ECMWF 
(European Centre for Medium-Range Weather Forecasts) et (iii) des simulations 
utilisées pour les prévisions décadaires provenant aussi de l'ECMWF. 
• Le modèle agronomique SARRA-H  
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Résumé: 
 
Ce chapitre présente dans un premier temps la zone d'étude d'un point de vue agro-
climatique en se focalisant notamment sur l'évolution des variables pluie et température 
dans le passé, et leurs projections pour le futur. En Afrique de l'Ouest, tous les modèles 
prévoient notamment un réchauffement futur de +2°C à +6°C en 2100 (tous scénarii 
confondus) alors que le signe de l'évolution de la pluie future reste incertain. On étudie dans 
un deuxième temps quels impacts ces changements futurs peuvent avoir sur les 
rendements agricoles. On réalise pour cela une revue de 16 études scientifiques avec les 
résultats desquelles on construit une méta base de données d'évolution des rendements 
futurs. Malgré une grande dispersion dans les changements relatifs de rendement (de -50% 
à +90%, toutes cultures, horizons temporels, pays confondus), le médiane montre une 
baisse des rendements de -11%. 
Ce signal négatif est suggéré aussi bien par les modèles agronomiques empiriques que 
mécanistes, alors que l'approche ricardienne donne des résultats très contrastés, même au 
sein d'une même étude. L'impact prévu est plus important au Nord (-18% pour la médiane 
des pays soudano-sahéliens) qu'au Sud de la sous-région (pays guinéens, -13%) ce qui est 
dû à des projections plus sèches et chaudes dans la partie nord de l'Afrique de l'Ouest. De 
plus, les impacts sur le rendement des cultures sont plus négatifs lorsque le réchauffement 
s'intensifie, ce qui souligne l'importance de l'atténuation du changement climatique. 
La tendance négative des évolutions des rendements futurs vient principalement de 
l'augmentation de température prévue par les modèles, qui est bien plus importante que les 
changements de précipitation. Cependant, l'évolution du cumul pluviométrique, suivant qu'il 
 
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
est négatif ou pas, peut aggraver ou modérer le signal négatif induit par l'augmentation des 
températures. Enfin, les résultats soulignent le rôle central de l'effet fertilisant du carbone 
sur le signe et l'amplitude des évolutions de rendement. Cet effet est particulièrement 
important pour les scénarii avec de fortes concentrations en carbone et pour les plantes 
ayant une photosynthèse dite en C3 (e.g. le soja et le manioc). Comme les cultures vivrières 
sont en Afrique de l'Ouest principalement C4 (mil, maïs, sorgho), cet effet positif est plus 
limité pour la sous-région.
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Résumé: 
 
Dans ce chapitre, nous étudions les rendements futurs de deux céréales en Afrique de 
l'Ouest en créant un jeu de 35 scénarii climatiques, différents des scénarii utilisés avec 
les GCMs puisque fondés sur sept anomalies de température (+0°C à +6°C) et cinq de 
pluie (-20% à +20%). Pour chacun de ces scénarii, nous simulons alors avec le modèle 
SARRA-H les rendements de six variétés contrastées de mil et de sorgho, sur 35 stations 
réparties en Afrique de l'Ouest.  
Les résultats montrent que le rendement moyen des céréales décroît avec 
l'augmentation de la température et la diminution des pluies. La plupart des scénarii 
(31/34) prévoit une décroissance du rendement moyen pouvant aller jusqu'à -41% 
(scénario +6°C/-20%). Cette évolution négative des rendements moyens est due 
principalement à l'augmentation de température. L'évolution positive (négative) du cumul 
pluviométrique peut toutefois atténuer (aggraver) cette décroissance des rendements 
moyens. Celle-ci est due principalement à une augmentation de la demande climatique 
(ETo: +8% en moyenne pour le scénario +4°C), à une augmentation de la respiration de 
maintenance par unité de biomasse (+30%) et à un raccourcissement du cycle des 
cultures (-10 jours). Si on s'intéresse aux climats futurs issus de 22 GCMs et trois 
scénarii d'émission pour les horizons 2040 et 2080, on voit qu'aucune évolution positive 
de rendement moyen n'est prévue. 
On s'intéresse par la suite à la variabilité interannuelle des rendements, via l'étude du 
Coefficient de Variation (CV). Si les variations du CV semblent en premier lieu décrire 
dans un bon nombre de cas une évolution positive (i.e. baisse de variabilité 
interannuelle), 17 scénarii sur 34 donnent des valeurs pour le CV qui ne sont pas 
statistiquement différentes (à 5%) du scénario de référence. Les valeurs significativement 
différentes sont quant à elles quasiment toutes (15/17) négatives (i.e. augmentation du 
	AD

CV). Le futur hypothétique prévu par les GCMs est donc caractérisé par peu d'évolution 
du CV, ou dans une moindre mesure une augmentation de celui-ci, spécialement pour 
l'horizon 2080.  
D'autre part, ces impacts ne sont pas répartis de façon homogène dans toute la sous 
région. Si on considère que les cinq scénarii de pluie sont équiprobables, la probabilité 
(par exemple pour +4°C) d'avoir des baisses de rend ement inférieures à -10% est 
beaucoup plus forte dans le Sud de la zone. 
Enfin, les variétés ont des réactions différentes aux scénarii climatiques. L'impact est en 
effet plus négatif pour les sorghos et mils à cycle court et constant que pour les variétés 
photopériodiques (-28% vs -40% pour le scénario +4°C/-20%). Les variétés 
photopériodiques ayant une partie de leur cycle insensible à la température, la diminution 
de la longueur de cycle est plus minime et les pertes de rendement aussi.
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Résumé: 
 
Ce chapitre vise à calculer la valeur de différents types de prévisions saisonnières pour 
les cultivateurs de mil au Niger. Nous quantifions ainsi la valeur potentielle de trois types 
de prévisions de la catégorie du cumul pluviométrique de la saison à venir: (i) une 
prévision imparfaite (et avec une précision réaliste) du tercile de la pluie (plutôt sec, 
normal ou humide), (ii) une prévision parfaite de ce tercile, et (iii) une prévision parfaite 
du tercile à laquelle on ajoute une prévision de la date de début et de fin de la saison 
pluvieuse. Afin de laisser à l'agriculteur un large choix de réactions à la prévision, nous 
définissons 18 itinéraires culturaux différents (trois variétés de mil, trois dates de semis 
et deux niveaux de fertilisation). Les rendements correspondants sont calculés en 
utilisant le modèle agronomique SARRA-H puis convertis en utilité en tenant compte de 
l'aversion au risque des agriculteurs sahéliens. Le bénéfice de la prévision est alors 
défini comme l'augmentation relative de revenu par rapport à la situation sans prévision. 
Les simulations sur une période de 18 ans (1990/2007) montrent toutes un bénéfice de 
la prévision pour la culture du mil, quel que soit le type de prévision considéré. Ce 
bénéfice est logiquement le plus faible avec la prévision imparfaite (+6.9%), légèrement 
supérieur avec une prévision parfaite (+11%) et atteint +34% avec des information 
supplémentaires sur le début et la fin de la saison: ces informations permettent en effet 
d'utiliser de nouvelles stratégies culturales.  
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Communications relatives à ce chapitre: 
• http://www.dailymotion.com/video/xksbwy_ateliers-participatifs-sur-les-previsions-
saisonnieres-au-senegal-projet-escape-juin-2011_tech 
 
• Poster destiné au retour d'expérience sur les ateliers (Annexes, page 189) 
 
Résumé  
 Nous étudions dans ce chapitre, grâce à des ateliers participatifs dans deux villages 
sénégalais, les changements culturaux induits par l'utilisation des prévisions saisonnières et 
décadaires, et l'impact sur les rendements. Grâce à un support de restitution papier, les 
participants aux ateliers peuvent retranscrire leurs choix culturaux à l'échelle décadaire pour 
plusieurs années sélectionnées auparavant. Ils font tout d'abord cela sans recevoir de 
prévision, c'est la situation de contrôle (situation actuelle). Ils rejouent par la suite ces 
mêmes années avec deux informations, sur le cumul pluviométrique saisonnier et le cumul 
décadaire à venir. En comparant leurs pratiques culturales avec et sans prévision, on peut 
ainsi en déduire les changements induits par les prévisions sur les pratiques culturales et les 
rendements. Les résultats et les discussions montrent que les participants, mêmes s'ils ont 
déjà des moyens locaux de prévisions font un bon accueil à ces nouvelles informations, 
surtout les prévisions décadaires. Celles-ci permettent en effet d'optimiser les pratiques 
culturales comme le semis, la récolte, le sarclobinage dans différentes situations: par 
exemple, pour le maïs et l'arachide, éviter une sécheresse juste après le semis. Les 
prévisions saisonnières sont quant à elles utilisées plus marginalement, et surtout dans le 
village ayant accès à plus de cultures/variétés grâce à une plus forte pluviométrie et à la 
présence d'une coopérative semencière. Les agriculteurs utilisent ces prévisions 
saisonnières pour choisir leur variété d'arachide, les types de cultures (niébé si l'année est 
prévue sèche) et parfois pour décider de l'utilisation d'intrants (engrais si la saison est prévue 
humide). L'impact de ces changements culturaux sur les rendements est par contre plus 
complexe à évaluer. Il est évalué avec l'aide d'un expert et montre que les prévisions ont 
certes un effet nul dans 62% des cas, mais qu'il est positif dans 31%. Ces résultats 
dépendent cependant des villages étudiés. 
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